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[57] ABSTRACT 

A redundancy decoder of an integrated semiconductor 
memory having a plurality of decoder stages containing 
a switching transistor and a separable connection hav- 
ing respective conditions to which the separable con- 
nection is severed and intact* as well as at lease one 
charging transistor, comprising, in each of the decoder . 
stages, an addressing circuit connected to and between 
the switching transistor and the separable connection of 
the respective decoder stages, the addressing circuit 
being electrically sunularable when The respective sepa- 
rable connection is m the intact condition thereof 

8 Claim*, % Drawing Sheet 
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respective conditions in which the separable connection 
TESTABLE REDUNDANCY DECODER OF AN is severed and intact. ft* well as .at least one charging 
INTEGRATED S53VnCONDUCTOH MEMORY transistor, coniprismg. In each Of the decoder stages, an 

ad dressing circuit connected to and between the 
The invention relates to a redundancy decoder of an 5 switching transistor and (he separable connection of the 
integrated semiconductor memory having a plunrlxty of respective decoder stages, the severed condition of wigN 
decoder Stages contatng a switching transistor and scpa- separable connection being electrically simuletehla byj. *Q 
rablc connection having respective conditions in which wid addressing circuit when the respective separable *L «fZ% 
the separable connection is severed and intact as well IS connection is in the intact condition thereof. - - >L \ fa 
at least one charging transistor. 10 In accordance whh another feature of the invention p vL 

Besides conventional memory calls (normal memory the addressing circuit contain* a memory circuit having ^ 
oefls) arranged in rows and columns, modem integrated a memory function introducible. by an address signal v *y 
semiconductor memories also contain other so-caned assigned to the respective decoder stage as -well as by , . 7*- ^s 
redundancy memory cells. Thean arc addressable vfa control signals, the memory circuit having an OUtplW foy ' Q V 1 
other rows and columns, so-called redundancy rows 13 output signals controlling the simulation of the condi^jj ff\ 
and redundancy columns, by means of redundant de- tksn of the severed separable connection. (O^ "Jk. 

coders (redundancy decoders). They serve as replace- In accordance with a further feature of the invention C? -ji 
mcnts for normal memory cells of peripheral ports of tha control translator connected to the memory circuit ^ \X 
nonnaJ memory ceils (for example, bit lines, decoders) for feeding the address signal thereto. * 
which ore considered to be faulty. With such an ax- 20 In accordance with an added feature of the invention 
rangemeut, the yield or nsuable amount of integrated the memory circuit is a bistable flip-flop carcufr. 
semiconductor memories can be increased during man* In accordance with an additional feature of the invert- 
lifacture without any significant increase either in the tion the bistable flip-flop circuit is of the RS type, 
surface area of the chip or manufacturing costs. In accordance wfth again another feature of the in. 

Redundancy decoders of. this general type have be- 25 vemion the semiconductor memory has A supply poten- 
come known heretofore, for example, from European tial applied thereto, and the addressing circuit contains 
Published Prosecuted Patent Applanation (EP-A) 0 a memory circuit having a memory function introduc- 
1790 727. Conventional test runs of semiconductor Ible by the supply potentini for controlling tha address- 
memories at the wafer level with heretofore known ing circuit. 

redundancy decoders occur fn the following manner: 30 In accordance with again a further feature of the 
During the first test run* the normal memory cells of tha invention the Semiconductor memory has a reference 
semiconductor memory are tested for function, for ex- potential applied thereto, and the addressing circuit 
ample, by means of parallel tests as described in Euro- contains a memory circuit having a memory function 
pean Published Prosecuted Patent Application (EP-A) introducible by the reference potential for controlling 
0 186 040. If any faults or defects are found, replace- 35 the oddressing circuit. 

meat decoders or so-called redundancy decoders. In accordance with a ooooomitant feature of rhe in- 
which have been provided initially deactivated, are vention the addressing circuit contains a memory cir- 
rrrevereibly activated- This results during operation in a cvh, and meJodmg a redundancy transistor, connecting 
likewise irreversible deactivation of the (normal) dc- the memory circuit to the switching transistor and the 
coders which select the defective memory regions. 40 separable connection. 

Conventionally, the redundancy decoders ore activated Other features which are considered as characteristic 
by severing easting connections. Generally these con- for tha invention arc sec forth in the appended claims, 
n actions are so-called laser fuses which can he melted Although the invention is Illustrated and described 
and thus severed by means of a laser beam. After this herein as embodied in a redundancy decoder Of an inte- 
"repair** of the defective memory region, the senucoa- 45 grated semi-conductor memory it is nevertheless not 
ductor memory U again tested for function at wafer intended to be minted to the details shown since various 
level, during which test the accordingly activated re- modifications and structural changes may be made 

1 Placement memory region is automatically checked therein without departing from the spirit of the inven* 
nstcad of the deactivated defective memory region. tion and within the scope and range of equivalents of 
Should the replacement memory region also be found 50 the clahns- 

to be even partially defective, the considerable time The construction and method of Operation of the 
spent on repair and the retcsting were unnecessary. invention, however, together with additional objects 

Currently available methods of reducing the time and advantages thereof will be best understood from the 
required for testing with parallel tests of several (nor- following description of specific embodiments when 
mnl) memory regions, such as ore described, for exam- 55 read in connection with the accompanying drawings. In 
pie, in U.S. Pat. No. 4,055,754, can be applied to redun- which: 

dancy memory regions only if these are irreversibly FIG. 1 is a circuit diagram of part of a most recently 

activated i.e. after the effected repairs In the aforemen- developed redundancy decoder, and 

lioned Second test have taken place. FIG. 2 is a fragmentary view of FTC X incorporating 

It is accordingly an object of the invention to provide 60 therein a construction in accordance with the invention, 
a redundancy decoder of the foregoing general type Referring now to the drawing and first, particularly, 
which Is both irreversibly as well as reversfbly activat- to FIG. 1 thereof, there is shown therein a conventional 
able, for example, In a test sequence redundancy decoder generally constructed as a so- 

With the foregoing and other objects In view, there ts called NOR. decoder. Other decoder principles are pas- 
provided, in accordance with the invention, a redun- 63 sihle and are applicable as wall to the invention of the 
dancy decoder of on integrated semiconductor memory instant application. Where the scmiccmductor memory 
having a plurality of decoder Stages containing a contains 2" selectable rows and columns, respectively, 
switching transistor and a separable connection having of hormal memory calk, a normal redundancy decoder 
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contains 2 1 parallel twitched decoder stages 1. The age VSS is switched or applied to the common circuit 3, 
value of n is determined by the number of external which assumes Us nonseiected state* 
address signals Al which are to be applied to the semi- In case <bX the redundancy decoder, reacts to a very 
conductor memory (1 <i<n) and which are .necessary specific set of address signals YijYl namely exactly to 
in order to select one of the rows and columns, respec- 5 that combination for which it Was programmed in the 
lively, to be used a* normal .memory ceils. During oper- event that the separable connections F were to be sev- 
ftuon/cacfe decoder stage 1 is addressed either by an ered. If this combination is received from address sig- 
internal address signal VI or by an address signal Yl dais YfcYT, specific switching transistors T are switched 
which fa complementary to the internal address signal or connected through from source to dram. These are, 
YT. Generation of the internal address signal* Yi and Yl 10 however, exactly those switching transistors T whose 
by the external address signal Ai is effected by means of . separable connections F have been .severed. The re- 
a process previously known, for example, from German mafaring switching transistors T aro blocked. Thus, the . 
Published Prosecuted Patent Application 16 41 52*. reference volmge VSS does not reach the common 

Control of the decoder Stage 1 U effected via the gate circuit 3, and the supply voltage VDD present thereon 
of a- switching transistor T having a source which, to- 15 remains in a floating state; and .the redundancy decoder 
•gcthcr with nil the sources of the other switching tran- <> selected. 

sis tore T or the decoder stage X, Is connected* for exam- On the other hand, if a different address combination 
pie, to the reference voltage VSS of the semiconductor than the one programmed for the severed connections P 
memory. The drain of the switching transistor T is , is received, in chip case of at least one of the conducting 
connected to one end of a separable connection F. Usu- 20 switching transistors T, the separable connection F . 
ally a laser hnlc. also known as a laser fuse, b used aS the co an acted therewith remains Intact. The common ctr- 
separable connection P, Examples of Other possible cmt 3 is thereby drawn to the reference voltage VSS; 
configurations can be found in technical publications; in and the redundancy decoder is not selected, 
particular, the "Japanese Journal of Applied rhysics". The conventional and commonly -known redundancy 
supplemental volume 22 (1965), supplemental No. 22-1, 25 decoder shown, in FIO. 1 and described hereinbefore 
Tokyo* Japan, pages ©3 to 67, discusses the use of elec- has been improved upon in accordance with the inven- 
trically (irreversibly) programmable polysfiicon fuses. don, aa shown' in FIG* 2, so that each decoder stage 1 
The other end of the separable connection F is con- contains a selection or addressing circuit 2 in addition to 
nected to the ends of the separable connections F In the the switching transistor T and the separable connection . 
remaining decoder stages 1 of the rVdundfrnvV decoder 30 F. This circuit 2 lies between the switching transistor T 
to form a common circuit 3. The electrical state of the and the separable connection F- The respective circuit . 
common circuit 3 determines whether the redundancy 2. hi conjunction with the other addressing switches 2 ■ 
decoder is considered -as. having been selected (for ex- of the remaining decoder stages 1, serves to prevail a 
ample by n "high" level) or aa not having been selected possible current flow from the reference voltage VSS 
- (for example by a corresponding "low" level)* 131 order 33 across the switching transistors T and the separable 
to realize this, the common circuit 3 is connected to the connections F to the common circuit .3 during the de- 
supply voltage VDD. via a charging transistor Tl. The coding phase if the redundancy memory cells which 
charging transistor Tl has a gate which is, for example, can be reached via the redundancy decoder are to be 
also connected to the supply voltage VDD. A decoder tested even though the redundancy decoder has not yet 
control signal D can, however, also be applied to the 40 been programmed (that is, the separable connections F 
Bute, as -shown. The timing of the control signal 0 must of the redundancy decoder are nil soil intact). The conv 
then be selected so that the charging transistor Tl is men circuit 3 thus remains at the supply potential VDD 
charged outside of the decoder phase, whereby the . whereby the.afaremen tinned redundancy memory cells 
common circuit 3 remains at the potential of the supply ar selected. The addressing circuit 2 thus simulates the 
voltage VHD and ts pre-eharged thereto, respectively, 45 severed condition of the separable connection F.even 
and so that the charging transistor Tl is blocked during though the separable c&xmectnn F Is still intact,, if the 
the decoding phase so flat the common circuit 3 zs at addressing circuit- 2 is activated. With a redundancy 
first floating, that is, remains at the pre-charged orprc- decoder of such construction, the address of a (tempo* ' 
loaded voltage le, remains at the supply voltage VDD. rarity to be replaced) row and column, respectively, of 
During the decoding phase, two separate hardware 50 normal memory cells can be programmed via the ad- 
conditions of the redundancy decoder must first be dressing circuit 2 of the decoder stage 1 of this redun- 
distinguished! nancy decoder. Whereas the addressing of a given ad- 

(a) The redundancy decoder is not programmed to dress in the semiconductor memory will activate the 
act as a replacement for a normal decoder* all separable normal decoder assigned to this given address, the ad- 
conaections F remain electrically conductive, ' S3 dressing of those addresses at which the redundancy 

(b) The redundancy decoder has been programmed decoder has been temporarily "programmed" will acti- 
to replace a specific normal decoder, so that when the vate this redundancy decoder, and the corresponding 
correct combination of od dress signals are received, the normal decoder is deactivated by known control signals, 
redundancy memory cells assigned to that particular (note Published Nonprosecuted European Patent Ap- 
redundancv decoder are Selected. M plication 0 170 727). Several redundancy decoders ac- 

In case (a), all separable circuits F remain intact i.e. cording to tha invention, each of which is temporarily 
not separated- During the decadingphasa, exactly half programmable for a different address, con be provided 
or the Internal address signals Yl. Yi, . . . Yi, Yt . . . for the respective semiconductor memory, 
applied to the redundancy decoder aro active (for exam- For the purpose of the temporary programming and 
pie, "high" in the case of n-charmel transistors used as 63 activation, the addressing circuit 2 of one of the possible 
switching transistors T), whereby exactly half of. the . embodiments constructed In accordance with the tnven- 
switching transistors are conductive. Because all of the den contains a memory circuit FF. The memory circuit 
sep arable connections F are intact, the reference volt- FF may be ft bistable toggle, for example, In the form of 



PAGE 23/83 '.RCVD AT 7/9/2004 3:19:19 AM [Eastern Daylight Time] * SVR:USPTO-EFXRF-1/0 ' DN1S:8729306 1 CSID:6567468263 • DURATION (mm-ss):28-22 



09/07 '04 FRI 15:23 FAX 6567468263 



HORIZON IP PTE LTD 



©024 



4,922,134 

5 6 

a blocked or nonclockcd RS flip-flop. The states to be By means of a reset signal RESET which acts u* 
stored ("redundancy decoder for a particular address mother control signal (if necessary or desirable, in all. 
combination to be temporarily programmed or oafT) redundancy decoders of a semiconductor memory TO- 
are fed by decoder stage 1 i-fc- also by addressing circuit gether) Pnd is fed to the reset input R of every memory 
2. by means of the interna) address signal Yl or Yi as- S circuit FF. the temporarily simulated condition of the 
signed to that decoder stage \ m conjunction with the redundancy decoders for alt addressing circuits 2 of one 
SET and RESET control signals, respectively. By ad- t and all or the redundancy decoders, respectively, which 
dressing via one address signal YJjYi per decoder stage ' arc present, can be simultaneously t ermin ated again. 
1, each redundancy decoder m the semiconductor mem- The control signals SET and RESET can be fed to 
cry can be mdfvidually programmed for Its own address 10 the redundancy decoders either via external cornice- 
combination. In this way, various redundancy decoders tions to the semiconductor memory, or they can be 
can be randomly addressed via various address combi- generated from a simple additional switch connected to 
notions. already present externa l con nections (such as the ad- 
it is also possible, however, to use the supply voltage dress assumption signals RA3 and YiAS/ , respectively) 
VDD or (with inverted logic) the reference voltage 15 of the semiconductor memory such as those used by 
VSS o f the semiconductor memory in place of the inter- testing units to generate control, signals. During thU 
nal address signals Yi or YL In this case, it is not possi- feeding and generating phase, respectively, the external 
Die, however, to assign to the redundancy decoder a connections assume this special function (respectively 
particular address at which it can be (temporarily) acti- introducing and controlling the generation of the con- 
veted. Instead, the redundancy decoder is temporarily 20 tfoi signals); at other times, they revert to their usual 
actrvatabte independently of an address combination functions (for example,- address assumption control 
Fed to it vi» the switching transistors T. Tms may be KSSyCXS). The required discrimination of functions of 
wise if all of the redundancy decoders present as well as signals applied to the external connections can be tt- 
the redundancy memory regions assigned thereto ure to feded in various ways. One of the best known methods 
be tested parallel to one another, or if the semiconduc- 25 is, Cor example, the use of threshold switches (compare 
tor memory con tains only a single redundancy decoder German Published Prosecuted Patent Applications 
for a redundant row and/or column, DE.A 30 30 852 and DE-A 33 13 364). Another, more 
In the embodiment of the invention shown in FIO. 2> elegant method of discriminating between various func- 
the interna) address signal Yi or YT is fed to the set input tions of connections is known from the "COMMIT- 
S of the memory circuit FF via a control transistor Ts. 30 TEE LETTER BALLOT" of Mar. 18, 1987 of the 
At its gate, the control transistor Ts is connected to a set JEDEC Solid State Products Engineering, 
signal SET which acts as a control signal. In order to The state of the art testing procedure for a semimcon- 
uiitiate the function "temporary simulation of an (not doctor memory with redundancy decoders at wafer 
actually) occurred separated or severed condition of the level or surface can, for example, appear as follows: 
separable connection F contained in the respective dc- 55 (a) Parallel testing of the normal memory* 
coder Stages", the sat signal SET la activated lor all (b) If result is positive* go to step f. • 
decoder stages 1 of a redundancy decoder during a (c> if result ts negative* determine the addresses of the 
clock cycle of the semiconductor memory. An address , respective defective memory cells, word and bit lines, 
combination made up of address signals YtjYt and si- decoders, and the like, 

ranhaneously addressing the redundancy decoder is 40 (d) (continual) programming of the redundancy de- 
stored in the toggle circuit FF of the redundancy de- coders with the defective addresses (for example, by 
coder. If exactly the same address as was stored in the severing the laser fuses), 

toggle drcuil FF appears during subsequent addressing (c) reletting the semiconductor memory in order lo 

Operations (wherein the set signal SET is no longer determine if, on the one hand, the programming was 

activated), the redundancy decoder is activated and at 45 successful and, on the other hand, the activated redon- 

least the normal decoder generally associated with this dancy memory regions are functioning properly, 

address is simultaneously deactivated (notn Published (f) installing the housings of the intact semiconductor 

Nonproseeuted European Patent Application O 170 memories. 

727). If different redundancy decoders ore to be pro- Parallel testing is not possible in steps (c) and (e). 

grammed with a variety of addresses, various signals 50 The following, modified test procedure is possible 

SET1, SET 2, . . . should be provided. when using the redundancy decoder according to the 

Pot every decoder stage 1, respectively, the negated invention in the semiconductor memory: 

output Q of the memory circuit FF is connected to the fl) Steps (a) and (b) as above, 

gate of a redundancy transistor TR- This redundancy (2) If the result Is negative: Test redundancy memory 

transistor TR is arranged with its source and drain be- 55 regions by temporarily electrically simulating the sev- 

tween the switching transistor T and Lhc separable cOn- ered condition of the severable connections F. 

nection F. In the normal condition wherein the redun- (3) If this result is also negative! The semiconductor 

dancy decoder is not temporarily programmed, the memory has completely failed. 

redundancy transistor TR is conductive i.e. it is <4) If the result is positive: Steps (o) and (d) as above, 

switched on. Thus, the electronic signal dependent 60 (5) Step (f) as above; implies that possibly some semi- 

upon the internal addressed Yi; YI and applied to the conductors, in which the permanent programmming 

drain of the switching transistor T is switched through failed may be installed. 

to the separable connection F. In the case, however, The advantage derived with regard to the invention 

wherein the redundancy decoder is to simulate being of the instant application from the foregoing procedure 

"programmed", exactly those redundancy transistors (5 or sequence of' production steps far a semiconductor 

TR whose corresponding separable connection F are to memory lies in the elimination of step (e). Not only will 

simulate being "severed" will block upon the applies- a potentially lengthy test period be reduced thereby (a 

tion of the programmed address combination. large memory capacity is known to require dispropor- 
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ttouawly lengthy test periods), but also the appertaining respective separable connection U in the brad condi- 

reteat cycle and the appertaining preparation time thereof- _ . • t 

required tkcrtrfOf ate em*mate<L A disadvantage it that * A redwidaney decoder to cb, m t 
r 4 . ttwraw «re »uii«^i.. . ^ctein sad addressing circuit contains a memory err- 
there no way to test whether die p™em prO»ran> $ ™vtaS armory B f««cllpn introdudble by an ad- 
ming (Lc for example, the tneltuig of the laser fate per drcS3 signa] assigned to the respective decoder stage as 
se> was. successful before the installation. Thfc type of vve u M ^y control signal*, said memory circuit having 
failure is minima], however, when compared to the type ^ output for output signal? controlling the simulation 
of failure "defect in the redundancy memory regions" D f the condition of the severed separable connection, 
(empirically derived, the ratio is approximately 1:1Q)> so iu 3. A redundancy decoder according to claim 2, in- 
that the aforedescribed attainable advantage is much eluding a control transistor Connected to said memory 
greater than the minor disadvantage which must be circuit for providing said address signal thereto, 
taken into-ccasidcratkm. 4 - A redundancy decoder according to claim 2. 
^Se foregoing is a ascription corresponding in sub- • therein said memory circuit is a bistable flrp-flop cir- 
stancc to Gerir^reliCfttiOn P 38 04C65A ^ted F£ reduiidancy decoder according to 4, wherein 
10. I95B, the Inter^nnl pr^nty of which u ; bemg ^ bistablc flip . flop circuit is of the RS type, 
claimed for the instant apphcation, and which Is hereby $ A redundancy decoder according to claim h 
made part of this application. Any material, discrepan- wherein the serniconductor memory has a supply poten- 
cies between .the foregoing specification and the afore- 20 tutf applied thereto* and said addressing circuit contains ■ 
mentioned corresponding German application are to be a memory circuit having a memory function Introduc- 
rcsolvcd in fevor of the later. ible by aaid supply potential for controlling said ad- 
We claim: dressing circuit. 

1 A redundancy decoder of an integrated secHcon- A redundancy decoder according to claim 1 

doctor memory having a plurality of decoder stages « wherein the semiconductor memory hasa reference 

containing a Wchbrg transistor and a separable con- mereto, and said " 

ncction havingt^ective inn ^ the ^clole^ 

separable connection is severed and intact, as well as at ^^dVessing curcuit. 

least one charging transistor, comprising, in each of the M & A redundancy decoder according to claim 1. 

decoder Stages, an addressing circuit connected to and wherein said addressing circuit contains a memory cir» 

between the switching transistor and the separable con- cuit, and including a redundancy transistor connecting 

nycUonof the respective decoder stages, said severed . said memory circuit to said switching transistor and said 

condition of said separable connection being eicctri- separable connection, 

cally famuhtnfale by said addressing circuit when the 35 * * * * * 
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